mechanisms, providing inputs to power-sector reform, and formulating tariff and subsidy guidelines. But a key question in evaluating rural electrification's development impact has involved the attribution of causality: Do higherincome households adopt electricity, or does electricity lead to higher household incomes and improved rural livelihoods? Without appropriate assessments of the impacts of rural electrification projects, it is impossible to determine whether and to what extent these objectives are achieved.
Many general studies have been conducted on the relationship between rural electrification and development ðSaunders et al. 1975; Butler, Poe, and Tendler 1980; Fluitman 1983; Barnes 1988; Barnes et al. 2003Þ , yet few have rigorously focused on the causal relationship between electrification and income growth. Most past evaluation studies have examined the impact of rural electricity by comparing households with and without electricity at a particular point in time. Such assessments typically have not measured the nature and extent of the accrued benefits, let alone established whether the measured benefits are attributable to electrification.
This article aims to fill that gap by testing the validity of causality between development outcomes and rural electrification and quantifying the benefits of electrification on the basis of sound econometric techniques that control for the underlying endogeneity bias of grid connection. The focus of the study's analysis is panel survey data for 2 project years under the first World Bank-financed Vietnam Rural Energy Project, initiated in 2000. 1 In the initial survey year of 2002, the sample consisted of communes that already had grid electricity, those scheduled to receive it by 2005 under the World Bank-financed project, and those not scheduled to receive it under the project ði.e., the control groupÞ. But during project implementation, many communes not scheduled to receive electricity between the survey years connected to grid service through Vietnam's general rural electrification program, which was implemented in the same way as the World Bank-financed project. This study uses panel data analysis to estimate the general benefits of electricity on household and individual welfare, regardless of the source of project financing.
The article is organized as follows. Section II provides a brief overview of Vietnam's progress in socioeconomic development and rural electrification. Section III describes the two household panel surveys. Section IV explores the possible pathways of electrification's impact on development. Section V then discusses the estimation strategy used to assess the benefits of rural electrification using the panel surveys. Section VI presents the estimated benefits of rural electrification, and Section VII describes the distributional results. Section VIII concludes and offers policy implications.
II. Socioeconomic Development and Rural Electrification
Vietnam has witnessed a rapid transition to a globalized, market-based economy. The seeds of this expansion were planted more than 2 decades ago when the government launched the renovation process known as Doi Moi. The goal has been to adopt market mechanisms where possible while preserving social inclusion. Since 1993, when the World Bank reengaged with Vietnam, gross domestic product per capita has risen sixfold, and the poverty rate has been cut by three-quarters. Living standards have risen fast, and the country is now moving into middle-income status ðtable 1Þ.
Comprehensive policy reforms introduced over the past decade have succeeded in strengthening Vietnam's public financial management and encouraging the participation of private firms in most sectors. To level the playing field, common regulations for corporate governance have been implemented. In addition, an ambitious equitization plan has helped to transform many stateowned enterprises into more efficient companies with better overall performance, financial status, and restructuring. To avoid conflict of interest between management and regulation, ownership rights increasingly have been transferred out of ministries and provinces. Such reforms have been accompanied by Vietnam's accession to the World Trade Organization, whose benefits have included lower trade barriers and the opening of service sectors to competition ðWorld Bank 2009Þ. Rural electrification has been a critical component of the government's program to eliminate poverty, redress imbalances in development, and improve overall welfare levels by providing reliable lighting sources, better living conditions, health care, and other rural services. The overall strategy to provide infrastructure access in rural Vietnam has included carefully sequenced rural energy projects that have brought grid electricity to the vast majority of rural households. Today, Vietnam is considered one of the world's foremost success stories in rural electrification.
A. Early Years
In 1975, electrification among poor households in rural Vietnam was only 2.5%, according to estimates of regional electricity-supply companies ðEVN 2001Þ. At that time, electricity policies were tied to the goals of national economic programs, which focused on food security, production of consumer goods, and export commodities ðHanh 1992Þ; electricity service for productive uses took precedence over extension to rural households. In the mid-1980s, however, with the construction of 35-kilovolt distribution lines, household electrification in communes located in densely populated areas and along the track of existing power lines increased significantly. Among the rural poor, electricity rose from 14% in 1990 to about 49% in 1993 ðsee also fig. 1Þ . This achievement resulted more from connecting households in communes that already had electricity, rather than expanding the grid system to new areas without access ðWorld Bank 1994Þ.
B. Rural Electrification as a National Priority
Before 1995, the administration of Vietnam's electricity power sector was under the Ministry of Energy; planning and development were handled by the Institute of Energy Vietnam, while generation, transmission, and distribution were the responsibility of the regional power companies, each of which had provincial-and district-level branch offices. In 1995, a major institutional restructuring consolidated electricity-sector activities under Electricity of Vietnam ðEVNÞ, a management holding company located in a new Ministry of , 1996-2008 Industry, created by merging three ministries ðMinistry of Energy, Ministry of Light Industry, and Ministry of Heavy IndustryÞ. A major objective of this restructuring was to extend grid electricity to rural households. In fact, EVN established a separate rural electrification department to oversee approval of rural electrification projects implemented by the regional companies.
The establishment of EVN and its targeted rural-electrification efforts resulted in a significant increase in electricity production and power consumption ðShrestha et al. 2004; fig. 2Þ . Its creation coincided with the completion of a 500-kilovolt line stretching from north ðHoa BinhÞ to south ðHo Chi Minh CityÞ, which contributed greatly to increasing overall electrification rates. For rural households, there was a quantum increase in electrification ratesfrom a prereform rate of less than 50% to 77% in 2001. By 2008, the percentage of rural households with access to electricity had reached nearly 95%, meaning that close to 7.5 million households, or about 37 million people, now had access to better lighting and electric appliances.
Expanded grid electrification of rural households was mirrored by a sustained increase in the value of gross domestic product per capita ðfig. 3Þ. Much of this growth resulted from the country's overall increasing production. However, one cannot discount the impact that electricity had on millions of rural households. Since Vietnam has nearly reached the saturation point for electricity service in rural areas, it is not surprising that growth in the rate of electrification has slowed in recent years.
III. Panel Survey Design, Sample Attrition, and Data Characteristics
The World Bank, in collaboration with the Institute of Sociology of the Vietnamese Academy of Social Sciences, initiated a study in 2001 to measure the impact of its rural electrification projects in Vietnam. The objective was to Figure 2 . Growth in electricity production and power consumption in Vietnam, 1985 Vietnam, -2005 assess whether or how living standards changed in communes that received electricity under the project. A stratified random sampling technique was used to identify households for the survey interviews both inside and outside project areas. The stratification criteria adopted for the sample design included aspects of regional, geographic, and commune electricity status.
The study covered six regions: North East, North West, North Central Coast, South Central Coast, Central Highlands, and Mekong River Delta.
2 In each region, six communes were selected from each of seven selected provinces, for a total of 42 communes, which were stratified according to their electrification status. Of the six communes selected in each province, one already had grid electricity in 2002, three did not but were eligible to receive it by 2005 under the World Bank-financed project, and two were not scheduled to get a connection by 2005. However, due to the rapid expansion of Vietnam's rural electrification program, the sample composition changed by the time the field surveys were conducted. In 2002, 15 communes not scheduled to have electricity according to the sample design had already received it, meaning that the rural electrification rate was more than 10% higher in the 2002 households sampled. By 2005, all 42 communes had received grid electricity, making it impossible to distinguish between electricity provided with World Bank or government of Vietnam financing. Since all communes were part of the same rural electrification program implemented in the same way, the study did not distinguish between communes according to source of project financing.
2 The sample did not include Red River Delta and North East South regions since they were not part of the electricity expansion program covered by World Bank financing. Table 3 shows that the sampled households spent a large sum up front to connect to grid electricity and that the connection cost as a share of income was even higher for households without electricity; however, compared to households in many other developing countries, this fee is modest as a share of income. Between 2002 and 2005, average household electricity consumption rises, possibly as a result of diversifying use over time. The quality of grid service in rural Vietnam is reliable, being available more than 23 hours a day, with only 2 days of power failure per month. When a power failure does occur, most households use kerosene as their backup lighting source, while many also use candles.
Our data support the observation that, as households start to adopt grid electricity, their use of alternate fuels decreases. As table 4 shows, for gridconnected households, consumption of all three major alternate fuels-fuelwood, liquefied petroleum gas, and kerosene-is less than for nongrid households. Reduced consumption of kerosene, the primary lighting fuel for nongrid households, is particularly noteworthy.
IV. Rural Electrification and Pathways to Development
The dynamics of growth and electrification are complex, involving many underlying forces. Vietnam's rural electrification program has been complemented by significant investments in other rural infrastructure services, including roads, water supply, education, and health. Together, these enabling conditions may have contributed to greater educational attainment, more business opportunities, and higher income. Higher income, in turn, may make electricity and appliances more affordable, allowing for the country to invest more in ru- ral electrification. Within this cycle of sustainability-sometimes referred to as the virtuous circle of development-rural electrification is expected to have an independent and complementary effect on income and educational opportunities.
A. Rural Electrification and Welfare Growth
Electrification may bring about both direct and indirect changes in household energy-use patterns and behavior. For example, switching from kerosene to gridpowered electricity provides a much higher level of household lighting ðNieu-wenhout, Van de Rijt, and Wiggelinkhuizen 1998Þ, which can increase children's study hours ðBarakat et al. 2002Þ. This is a direct benefit. However, the benefits of community street lighting, which imparts a sense of public security, are more indirect. Figure 4 details the probable pathways of electrification's benefits in the development outcomes of education, income, and health. Given the multiple interconnections among a broad array of appliances, outputs, and intermediate outcomes, the task of sorting out the direction of causality is understandably complex. Once connected to the grid, consumers purchase a variety of appliances, often beginning with electric lamps, followed by radios, televisions, space coolers/ heaters, cooking devices, and small machines. These appliances, in turn, produce such outputs as a greater quantity of higher-quality lighting, access to knowledge and information, greater comfort, better food preservation, productive motive power, and more efficient cooking-all things that are not possible without electricity ðWorld Bank 2008Þ. These outputs, in turn, can lead to such intermediate outcomes as extended study time, longer hours of operating home businesses, greater exposure to business knowledge and information, better health, and more efficient business operations. Over time, these intermediate outputs can lead to final development outcomes. As figure 4 illustrates, electricity can enhance an outcome through multiple pathways. For example, operating a business for longer hours means more sales and thus more profits. In addition, grid-powered tools and machinery, which are more efficient, productive, and cheaper in the long run, contribute to higher business profits. Furthermore, greater exposure to knowledge and information can empower business owners with up-do-date business knowledge and relevant technology, which, in turn, allow them to run their operations more efficiently and economically.
Not surprisingly, the productive uses of electricity have been the subject of many studies, the main findings of which suggest that complementary enabling conditions ðe.g., active markets and available creditÞ are needed to realize the full benefits of rural electrification ðe.g., Cabraal et al. 2005 ; Asaduzzaman, Barnes, and Khandker 2009Þ. Moreover, the final outcomes themselves can be mutually reinforcing, creating a synergistic process.
In the case of the final development outcome of education, increased study time due to electric lighting is likely to result in better school performance, which, in the long run, leads to higher income. Thus, conceptually at least, the pathways involving the impact of electricity on both outputs and outcomes can lead to substantial gains in household income and productivity. However, it is a challenge to sort out electricity's impact on income and education, given the many interrelated and overlapping pathways leading to these final outcomes. In this study, rather than analyze the individual pathways, we examine electricity's ultimate impact on income by controlling for a variety of factors.
B. Pathways of Electrification's Benefits from the Study Data
Before we estimate the impact of electrification on income, expenditure, and other household welfare, we first examine the possible linkages or pathways of rural electrification's benefits from our study data.
Changes in Appliance Ownership
Households seem to acquire more electric appliances as they keep using grid electricity. Households with electricity in both 2002 and 2005 purchased and used a broad array of appliances ðfig. 5Þ. For this group, electric fans were the most popular nonlighting appliance purchased, which is not surprising given Vietnam's hot and humid climate; over the 3-year period, ownership of electric fans grew from 59% to 76%. This group also decreased its ownership of black-and-white television sets by more than 40% between 2002 and 2005, while increasing its ownership of color televisions from 48% to 74%. The third most popular electric appliance was the rice cooker, whose ownership increased from 21% in 2002 to 51% in 2005. Ownership of other appliances, including irons, refrigerators, and water pumps, while less common, also grew significantly between the 2 survey years.
For households that connected to the grid between 2002 and 2005, the patterns of appliance ownership were similar to those of households that already had a grid connection in 2002. A significant number from this group decided to expand their electricity use beyond lighting. About half acquired fans and color television sets; a quarter purchased electric rice cookers; and a few purchased more expensive but useful appliances, including refrigerators and computers ðfig. 5Þ.
Switching to Electric Lighting
Once connected to the grid, households immediately took advantage of the benefits of higher-quality lighting. In 2002, using kerosene for lighting was common, even for households who already had electricity ðfig. 6Þ. Over time, both households with a grid connection in 2002 and those who acquired it between the survey years switched from kerosene to electric lighting. Conversely, households still without grid electricity in 2005 continued their pattern of kerosene use, presumably along with the unpleasant odor and indoor pollution resulting from the inefficient burning of kerosene fuel.
Gains for Education
Vietnamese society places a high value on education. In rural areas, primary school enrollment is virtually universal, regardless of whether a child lives in a household with or without grid electricity. But once children make the transition from primary to middle school, it appears that children from gridconnected households tend to stay in school more than those from ones without grid electricity.
By middle school, some children in the sample households stopped going to school. While overall middle-school enrollment was high in 2002, children without electricity in their households had a significantly higher dropout rate than their peers living in homes with electricity ðfig. 7Þ. By high school, the school attendance gap between youth with and without household electricity was even wider.
While high school enrollment was lower for all the households sampled, attendance grew by more than 10% for all groups that had electricity by 2005. Those students whose families adopted grid electricity between the survey years had an impressive 11% gain in enrollment. For their peers living in households already connected to the grid before 2002, the gain was even greater ðfig. 7Þ. It is impressive that households without electricity in both survey years also began sending more of their children to school; even so, they continued to lag behind their peers who had electricity in their homes.
Improving Nonfarm Income
Households with a grid connection were many times more likely to engage in small, home-based enterprises than were those without electricity ðfig. 8Þ. In addition, home-based enterprises in the grid-connected households took advantage of electricity for both lighting and productive uses, which has the potential of making these households more productive than their counterpart households without electricity ðfig. 9Þ.
V. Assessing Rural Electrification's Benefits: Estimation Strategy
The intuitive understanding of the various pathways through which electrification can lead to welfare growth for rural households, provided in Section IV above, also shows the positive association between household electrification and welfare using the panel survey data. While it is a good first step in understanding the linkage between electrification and development, it is insufficient for establishing the causality between the two, that is, whether the changes in welfare are caused by electricity. In this section, we propose estimation strategies that aim to establish such causality. The panel data ð2002 and 2005Þ show that the rural households in Vietnam adopted electricity at different points in time: some connected during the first survey round, others during the period between the two surveys, and still others did not connect. Because of these variations in electricity adoption time, it is possible to examine the welfare impacts of rural electrification by comparing changes in outcomes for those who received electricity during the period of the panel survey with those who already had it before the baseline survey. In this study, we consider the welfare impacts on a wide range of economic and educational outcomes that might result from adopting electricity.
A. Economic and Educational Outcomes
The economic outcomes examined are household income and expenditure, where income is divided into ðiÞ wages and salaries from farm and nonfarm employment ðincluding bonuses or allowancesÞ; ðiiÞ farm self-employment ðcrop and noncrop ½e.g., fish farming and livestock activitiesÞ; ðiiiÞ nonfarm self-employment ðe.g., household-owned enterprises, services, and contracting activitiesÞ; and ðivÞ receipts from nonfarm, nonearned sources ðe.g., remittances, pensions, subsidies or safety-net programs, and rent or interest income from properties or investmentsÞ. 7 The educational outcomes examined are school enrollment rate and completed schooling year for boys and girls ages 5-18.
For the most part, the income and expenditures of households with electricity are higher than for those without electricity, even after adjusting for inflation between the 2 survey years ðtable 5Þ. 8 In addition, income and expenditures in 2005 are higher than in 2002 for most variables. For example, in 2002, the income of households with grid electricity is 33% higher than that of households without electricity, while in 2005 the difference is about 5% less. For households without electricity, expenditure is less and educational outcomes are worse in 2005 compared to 2002. For households with electricity, educational outcomes are consistently higher than for households without electricity.
B. Econometric Framework
From table 5, the positive correlation between electricity use and income, expenditure, and education is obvious. However, one must again caution that these findings do not conclusively prove that changes in the outcomes of interest have been caused by a change in a household's electrification status; other householdand commune-level factors, including unobserved ones ðe.g., household entrepreneurial ability and agroclimateÞ, might have also contributed. In our estimation of the impact of rural electrification, these other factors must be isolated in order to capture the net effect of household electrification on welfare. One such factor could be commune-level connectivity of electricity. Since the government's rural electrification policy ensures a grid connection for all households once a commune is connected-the goal of Vietnam's rural electrification program-it is also relevant to estimate the effect of electrification observed at the commune, not just the household, level.
To examine the role of household vis-à-vis commune electrification, we consider that, in 2002, when 52% of communes were connected to the grid, 26% of households were connected; in 2005, by which time all communes were connected, 80% of households had a connection. This suggests that, while commune connectivity is a precondition for household connectivity, commune electrification does not necessarily lead to grid connectivity for all households. And both household-and commune-level connectivity may play a role in affecting the outcomes. In addition, part of the electrification benefits households enjoy may be due to the externality or spillover effects of commune-level electrification. Thus, we express the outcome equation in a way that incorporates the role of both household and commune electrification:
where t denotes the index for the round of survey ð0 for baseline and 1 for follow upÞ; Y ijt is the outcome variable ðe.g., income and expenditureÞ for the ith household of the jth commune; E Hijt is the electricity-access variable at the household level ð1 if household i of the jth commune has a grid connection and 0 otherwiseÞ; E Vjt is the commune-level electrification status ð1 if commune j has a grid connection and 0 otherwiseÞ;X ijt is a vector of household characteristics ðe.g., age and gender of household head or household landholdingÞ; V jt is a vector of commune characteristics ðe.g., infrastructure and price variables, including commune-level prices of alternative energy sources, such as firewoodÞ; T t is the variable capturing the time effect; b ðY ijt Þ are jointly determined by a set of observed and unobserved characteristics. To examine this issue further, we suppose that a household's decision to connect to grid electricity is influenced not only by whether a commune has a grid connection ðreflected, in part, by the government's decision and captured by vector V jt Þ but also by household factors as measured by vector X ijt . An equation for a household's connection to the grid can take the following form:
Similarly, commune-level electrification can be expressed as follows:
In the outcome equation, ε y ijt is a composite-error term, with three components:
where m y j and h y ij are unobserved commune-and household-level determinants of the outcome, respectively, and e y ijt is the nonsystematic error uncorrelated with other error terms or regressors. Similarly, the error terms in the demand equations ð2Þ and ð3Þ can be written as follows: 
It is because of the possible correlations among ε y ijt , ε e ijt , and ε v jt that E Hijt , E Vjt , and Y ijt are jointly determined by the systematic unobserved commune and household characteristics, giving rise to possible endogeneity. This is possible because the government and policy makers may choose to extend electricity initially to those communes that are better off before considering less prosperous or more remote ones. Similarly, when a commune gets electricity, it may be that better-off households, in terms of both wealth and entrepreneurial ability, who can better afford the connection cost decide to connect first. These two sources of endogeneity must be taken into account in measuring the electrification impacts. Any estimation strategy that does not control for such endogeneity will bias the electrification impacts ðd With panel data, it is possible to resolve the endogeneity of electricity connection by assuming that trends due to unobserved heterogeneity remain fixed over time for all households and villages. With such an assumption, we can implement a household-level fixed-effects ðFEÞ regression, which sweeps away the unobserved commune-and household-level effects by taking the difference of equation ð1Þ over the two periods:
Equation ð7Þ gives an unbiased estimate of the electrification impacts beyond and above the time effect ðx y Þ, given that the assumption of time-invariant heterogeneity holds.
However, the assumption of time-invariant heterogeneity may not be valid if, for any reason, the unobserved factors that influence the outcomes of electrified and nonelectrified households or communes are not fixed over time. For example, as households and communes receive electricity at different times, as mentioned above, some communes may be selected for electrification first, on the basis of their wealth level or remoteness, and some households may decide to connect to the grid first because they can afford the connection cost or envision the potential electrification benefits better than others. Because of this variation in the timing of electricity adoption, the characteristics of the communes and households might respond dynamically to electrification, and their growth trajectories may differ. This divergence may occur in both observed and unobserved ways; thus, controlling only for observed characteristics means that the unobserved, time-varying factors remain to bias the estimates. In that case, simple differencing, as suggested in equation ð7Þ, would not resolve the heterogeneity bias due to unobserved household-and commune-level characteristics, and an FE method would yield inconsistent estimates of the program effects ðin this case, Vietnam's rural electrification programÞ.
With time-variant heterogeneity, we can rewrite the error structure equation ð4Þ as follows:
In this way, the outcome equation ð7Þ changes as follows:
where Dε There are alternate ways to resolve such bias due to time-variant heterogeneity ðRavallion 2008; Khandker, Koolwal, and Samad 2010Þ. One way is to take into account the linkage between unobserved heterogeneity and initial conditions of household and commune characteristics. We can demonstrate this by revisiting the issue of commune connectivity. It is expected that certain initial characteristics would make some communes attractive choices for grid expansion, and, as a result, they would get electricity before others. Those characteristics may cause the households in those communes to respond differently to electrification than would those in other communes. The issue of unobserved heterogeneity and initial conditions has also been addressed in a wide body of literature, which substantiates the notion that initial conditions are correlated with unobservables ðHeckman 1981; Chamberlain 1984; Arulampalam, Booth, and Taylor 2000Þ. Thus, in the context of rural electrification in Vietnam, we contend that time-variant heterogeneity is a function of the initial conditions of the communes and households being studied; that is, the time-variant trends over 2002-5 due to unobserved heterogeneity are determined by the observed 2002 characteristics of the communes and households. Inserting the initially observed conditions, such as X ij0 and V j0 , in the estimating equation ð7Þ directly as additional regressors, we obtain
where the a's measure the estimates of the observed characteristics for the initial survey year ð2002Þ. Controlling for the time-variant unobservables, equation ð10Þ can thus give unbiased estimates of the electrification impacts.
VI. Estimated Benefits of Rural Electrification
To implement the models discussed above, it is necessary to have a set of explanatory variables at the household and commune level considered exogenous to decide whether to adopt grid electricity, as well as the outcomes partially determined by electricity connection. The key variables considered exogenous for the previously discussed estimation models are presented in table 6. Both commune-and household-level characteristics are included in the explanatory variables as controls. The findings are presented in two model specifications that address the correlation between electricity adoption and income, expenditure, and school attendance. Model 1 ði.e., eq. ½7Þ estimates the net effect of household-and commune-level electricity connection using the household-level FE method under the assumption that unobserved heterogeneity is time invariant and additive. Model 2 ði.e., eq. ½10Þ estimates the electricity effect using the FE method after controlling for the initial household-and commune-level conditions believed to influence time-variant heterogeneity.
Under the assumption of time-invariant heterogeneity, household electrification matters for total and nonfarm incomes ðtable 7Þ. For example, total and nonfarm income rise by 21% and 29%, respectively, as a result of household electrification, but commune-level grid connectivity does not affect any of the economic outcomes. When the initial conditions are controlled for ðas in model 2Þ, the commune-level impacts on wages and farm income and expenditure are also significant, and the impact of household electrification on total income goes up. Household electrification now increases total income by 28% and expenditure by almost 23%. Thus, the benefits exceed what is nonland assets ðbicycle, motorbike, sewing machine, electric irrigation pump, and diesel irrigation pumpÞ, and livestock assets ðcows, buffalos, goats, sheep, and pigsÞ; whether household head is employed full time; whether household has a piped water supply and flush toilet; commune's share of unemployed and landless households and agriculturedependent population; whether commune has motorable roads and mobile phone tower; and commune price of common food items.
* Significant at 10%. ** Significant at 5%.
accrued by the households from their own connection; that is, there is a substantial spillover or externality from commune-level electrification, which would be overlooked if we did not control for the initial conditions while estimating the effects of both household-and commune-level electrification. Accordingly, the preferred model specification for measuring the effects of electricity is model 2, or equation ð10Þ, which accounts for time-variant heterogeneity while estimating the effects of both commune and household electricity.
The externality or spillover aspect of commune-level connection is also important for such social outcomes as education. Table 8 presents the estimates for two model specifications. In accordance with the estimates of the preferred model ðmodel 2Þ, we find that both household-and commune-level electricity connection yields schooling benefits for both boys and girls. For households with electricity, school-enrollment rates are 9 percentage points higher for girls and 6.3 percentage points higher for boys. In contrast, commune-level con nection increases boys' school enrollment by 3 percentage points, boys' schooling by 0.13 years, and girls' schooling by almost 1 year. Therefore, in terms of school completion, girls benefit more than boys from commune-level electrification.
VII. Estimates of Heterogeneous Impacts
The average effect of a development intervention such as rural electrification, assuming a common effect across all targeted households, is a concise way to We use a semiparametric approach to examine the distributional effects of nonrandom treatment with panel data, as applied in Brazil by GamperRabindran, Khan, and Timmins ð2010Þ in the context of providing piped water. This method involves a panel quantile regression model that estimates the treatment impact on outcomes Y by distributional quantile. More specifically, we use the quantile regression equations for the two data periods to estimate the distributional effects of electricity connection on household/ individual outcomes Y, as follows:
In the system of equations ð11Þ, Q t ðY ij0 j Z ij0 ; E ij0 ; h ij0 Þ denotes the quantile t of Y during the baseline period, conditional on the FE and household and community covariates in that period, and Q t ðY ij1 j Z ij1 ; E ij1 ; h ij1 Þ denotes the corresponding conditional quantile t of Y during the follow-up period. Vector Z measures both household ðX Þ and village ðV Þ exogenous attributes, while h subsumes unobserved commune and household heterogeneity.
One problem in applying the quantile regression model to panel data is the difficulty in applying the FE model. Unlike Gaussian models, quantiles are not linear operators, and thus differencing the dependent and independent variables will not in general be equal to the difference in the conditional quantiles; that is,
To overcome this obstacle, recent works have aimed at more explicitly characterizing the relationship between the unobserved FE and the covariates. Following Gamper-Rabindran, Khan, and Timmins ð2010Þ, the unobserved effect h ijt can be specified nonparametrically as an unknown function fðÁÞ of the covariates X, as follows:
Substituting h ijt in each conditional quantile in equation ð11Þ, we get
And the difference between the quantiles across periods becomes
Gamper-Rabindran, Khan, and Timmins ð2010Þ show how the quantile regression can be estimated using a two-step procedure. First, following equation ð14Þ, Q t ðY ijt j Z ijt ; E ijt ; h ijt Þ should be nonparametrically estimated for each period t 5 0, 1, with Z and E entering linearly in the equation. The function f, which controls nonparametrically for the FEs, should include data from both time periods. Second, as in equation ð15Þ, the differenced fitted values Q t ðY ij1 j Z ij1 ; E ij1 ; h ij1 Þ 2 Q t ðY ijt0 j Z ij0 ; E ij0 ; h ij0 Þ from the estimations can be regressed on the differenced regressors ðZ ij1 2 Z ij0 Þ and ðE ij1 2 E ij0 Þ as the proxies for the FE fall out of the estimation. Table 9 shows the quantile regression results for both household and commune electrification on the distribution of income and expenditure. The results clearly show that household-level grid connection benefits upper-income groups more. For example, the return to household connection is almost 41% for the 85th percentile income group, compared to 29.8% for the 50th percentile income group. Conversely, commune-level electrification, given household connection, benefits lower-income groups more; for example, the returns to income for commune electrification are some 37.7% for the 25th percentile income group compared to negligible returns for higher-income groups. Similarly, commune electrification yields more than 70% returns to household expenditure for 15th and 25th percentile expenditure groups, compared to 39.6% for the 50th percentile expenditure group. Vietnam's rural electrification program benefits both higher-and lowerincome groups. Higher-income groups benefit more from household-level grid connection, while lower-income groups benefit more from commune-level electrification. That is, the externality or spillover effect of commune-level electrification is the major route for raising welfare of the poor. This is understandable, as the poor use electricity primarily for lighting while the rich perhaps use electricity for productive purposes, in addition to lighting, thereby creating spillovers that also benefit the poor.
VIII. Conclusions
Vietnam's growth today, compared to that of other East Asian countries, is second only to China. Vietnam has already achieved five of the UN MDGs, including having reached the poverty-reduction target without increasing inequality. In 1998, some 30 million people still lacked access to electricity, and only 70% of rural communes and less than half of rural households had been electrified. Today household access is more than 90%, while network coverage is 95% at the commune level and 100% at the district level. The positive impact of Vietnam's rural electrification program on rural welfare has been significant. With the benefits afforded by household electricity, less time is required for collecting fuelwood and drinking water, preparing meals, and husking rice; this has meant a reduction in the physical and time burden traditionally placed on rural women.
Using panel-estimation techniques, this study carried out a more detailed analysis on rural electrification's effect on income, expenditure, and children's education. The direct impact of rural electrification on income comes through a variety of channels, including farm and nonfarm income. This study finds that household electrification can raise income and expenditure by as much as 28% and 23%, respectively. The welfare impacts persist, even though no strong evidence suggests that additional rural industries in the surveyed areas are benefiting from rural electrification. In addition to affecting income, rural electrification's strongest impact is probably on children's school attendanceboth girls and boys living in households that have adopted electricity. For example, household electrification increases school attendance by 6.3 percentage points for boys and 9.0 percentage points for girls. However, communelevel connectivity seems to improve children's schooling years; as a result of commune electrification, boys' schooling increases by 0.13 years and girls' by 0.90 years. This benefit obviously affects the country's overall long-term welfare since these children will move into the workforce at higher, more productive levels.
Even with this evidence of rural electrification's benefits for household welfare, its effects on the overall rural economy remain to be seen. It must be remembered that rural electrification is a necessary but insufficient condition for rural development. From a policy perspective, a broad-based approach should also address the development of other infrastructure. Given that Vietnam's rural electrification program affected both commercial and small-business customers, it would be worth exploring the benefits they received to better assess overall rural economic growth due to electrification. Farm productivity is highly correlated with the use of electric irrigation pumps. In addition, nonfarm productivity of small commercial and home-based businesses may have improved due to electric lighting.
Vietnam was well placed to promote rural electrification. With its rapidly growing economy, it had the necessary financing available to quickly expand electricity access for millions of rural people; this study indicates that the investment in rural electrification will benefit the country's future long-term development. Vietnam now faces a dual challenge: meeting the inevitable demand growth for electricity in both rural and urban areas and continuing the support of rural development programs, whose benefits will further improve the income and quality of life for the poor and people living in more remote areas. Note. Test is implemented by regressing outcome against all X variables, the attrition dummy, and interactions of the attrition dummy with X variables and then testing the joint significance of the attrition dummy and its interaction variables.
